Abstract. Malaria is endemic in the Chittagong Hill Districts of southeastern Bangladesh. Previous epidemiological analyses identified the agricultural practice of jhum cultivation as a potential risk factor for malaria infection. We conducted qualitative interviews with jhum cultivators and surveillance workers to describe jhum cultivation and used demographic and malaria surveillance in two study unions from May of 2010 to August of 2012 to better understand the relationship between jhum cultivation and malaria infection. Qualitative interviews revealed that jhum cultivation is conducted on remote, steep hillsides by ethnic tribal groups. Quantitative analyses found that adult jhum cultivators and individuals who live in the same residence had significantly higher incidence rates of symptomatic Plasmodium falciparum infection compared with non-cultivators. These results confirm that jhum cultivation is an independent risk factor for malaria infection and underscore the need for malaria testing and treatment services to reach remote populations in the Chittagong Hill Districts.
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BACKGROUND
In Bangladesh, malaria is endemic in 13 of 64 districts. 1 Malaria transmission is hypoendemic and occurs in seasonal epidemics, with the bulk of malaria infections and deaths occurring during the rainy season from May to October. 2, 3 The intensity of malaria transmission is variable across endemic districts, with the highest estimated malaria incidence in the Chittagong Hill Districts of southeastern Bangladesh. 2, 4 Malaria infections in Bangladesh are predominantly caused by Plasmodium falciparum; however, as many as 20% of infections are reported to be caused by P. vivax. 1, 3, 5 In 2009, the International Center for Diarrhoeal Disease Research, Bangladesh (icddr,b) and the Johns Hopkins Malaria Research Institute initiated a malaria surveillance system in two demographically defined unions of the malaria-endemic Chittagong Hill Districts. The purpose of this project was to conduct surveillance for symptomatic and asymptomatic malaria infection and understand the epidemiology of malaria in the region. 6 Rajbila and Kuhalong unions (subdivisions of Bandarban city subdistrict) were selected for the study area, comprising a total population greater than 20,000 people and 4,500 households.
Epidemiological analyses of symptomatic P. falciparum infection over the first 2 years of the surveillance system identified risk factors for malaria infection in this region. 7 One risk factor identified was the practice of jhum cultivation, a traditional agricultural practice using slash-and-burn techniques in the hilly parts of the region. 8, 9 Jhum cultivation is a form of shifting agriculture practiced by non-Bengali indigenous groups in the Chittagong Hill Districts, of which there are 12 distinct groups. 10, 11 This practice was associated with the highest malaria incidence among any occupation group and increased the odds of infection by a factor of 1.5 compared with other occupations after controlling for other factors. 7 Little is known about how the practice of jhum cultivation relates to malaria transmission in the Chittagong Hill Districts of Bangladesh. Some possible mechanisms for the observed increased malaria incidence in those individuals who practice jhum cultivation compared with other occupations might include increased exposure to mosquitoes because of working in remote areas and at times when mosquitoes are biting, lack of bed net use because of jhum cultivators sleeping away from the home, lack of access to malaria treatment and services because of factors related to jhum cultivation, and that jhum cultivation is associated with other unknown risk factors for malaria infection. Given that jhum cultivation is practiced throughout the Chittagong Hill Districts as well as in Tripura state in India 12 and throughout the hilly regions of southeast Asia, where malaria is endemic, 13 there may be a large population of cultivators at increased risk for malaria infection.
This study seeks to address the hypothesized relationship between jhum cultivation and malaria infection using both quantitative and qualitative methods. We conducted quantitative analyses based on 28 months of surveillance data from Rajbila and Kuhalong unions, focus group discussions with jhum cultivators, and key informant interviews with icddr,b staff who are knowledgeable about the practice. The objectives of this study are to describe the practice of jhum cultivation and use quantitative methods to confirm that jhum cultivation is an independent risk factor for malaria infection.
MATERIALS AND METHODS
Study population. In total, 24,491 individuals in 4,766 households were captured by the demographic surveillance system from October of 2009 to August of 2012. Individuals who migrated out of the study area (N = 409) or died (N = 8) before May of 2010 were removed from the dataset before analysis, leaving a total population of 24,074. This population value inflates the true population at any one point in time, because some of these individuals died (N = 215) during the study interval and in-migration and out-migration (both permanent and seasonal) were common throughout the study period. Both Rajbila and Kuhalong were divided into 12 study clusters for programmatic purposes, comprising approximately 1,000 people per cluster.
Study design. A population census was conducted from March to April of 2009 to collect global positioning system (GPS) locations of households and count the number of people in the study area. Using a baseline list of households, surveillance workers also collected sociodemographic information at the individual level from October of 2009 to August of 2010. After the initial demographic survey was completed, surveillance workers collected follow-up demographic information approximately every 4 months to ascertain in-migration, out-migration, pregnancies, births, and deaths. 6 Passive malaria surveillance was initiated in October of 2009 in Kuhalong and April of 2010 in Rajbila to identify symptomatic malaria cases. Individuals reporting fever to the surveillance workers were tested for malaria at the village level by blood smear microscopy and rapid diagnostic tests and treated with artemether/lumefantrine if either test was positive. Positive individuals were then retested at 2, 7, and 28 days after infection to ensure successful treatment.
A jhum cultivation-specific survey was administered to the study population in May of 2011. The survey included questions to identify those individuals living in jhum cultivation households and those individuals who conducted jhum cultivation in the previous year as well as questions about the initiation and completion of jhum cultivation and bed net use. Most jhum cultivators practice jhum cultivation each year; therefore, this survey was used to identify individuals as jhum cultivators during the entire study period. Survey questionnaires were electronically scanned, reviewed by data entry personnel, and then cleaned and tabulated by the study team to ensure data quality.
Statistical analyses. We conducted statistical analyses of these existing surveillance data to determine the effect of jhum cultivation on malaria incidence over the study period. Jhum cultivators were identified through either the demographic survey as an occupation or the jhum cultivation-specific survey. Individuals were defined as jhum cohabitants if they did not conduct jhum cultivation and were living in a jhum household, which is a household with at least one jhum cultivator present. Individuals living in non-jhum households and not reporting conducting jhum cultivation were defined as non-jhum cultivators.
Demographic variables of interest were coded into binary and categorical variables for analysis. Binary variables included sex (male or female), bed net use the previous night (yes or no), and study union (Rajbila or Kuhalong). Ethnicities included non-tribal Bengali, Marma, Tanchangya, Tripura, Chakma, Khyang, and other tribal groups (Bawm, Mro, and Rakhaine). Age was divided into infants 6 months old, children 6-59 months old, children 5-14 years old, and adults 15 years old. Education level was defined as low (0-2 years), medium (3-5 years), and high ( 6 years). Occupations included jhum cultivation, daily labor, agriculture, and other occupations (mostly housewives, students, and unemployed). Because of the nature of the surveys, individuals could report jhum cultivation and another profession, but because of the hypothesized risk associated with jhum cultivation, these individuals were coded as jhum cultivation only.
Malaria infection in these analyses was restricted to symptomatic (identified by passive surveillance) P. falciparum infections identified between May of 2010 and August of 2012.
Cases that occurred from May to October were defined as high-transmission season cases, and cases that occurred from November to April were defined as low-transmission season cases. Asymptomatic infections (N = 66) and symptomatic P. vivax infections (N = 24) were not coded as positive cases. Cases in the same individual that occurred within 1 month of each other (31 days) were considered the same case, and one record was removed (N = 1). Because some individuals had multiple infections during the study period (N = 40), their demographic information was included for each time that they had an infection in the dataset. However, because these cases only represented 0.2% of the dataset, we do not believe that these records biased our results in any significant way.
The incidence of symptomatic P. falciparum infection was calculated from May of 2010 to August of 2012. Incidence rates were calculated by dividing the total number of cases by the total person-time at risk (in months) of that group over the study period. Person-time at risk was determined for each individual by subtracting time not at risk to malaria (before birth or after death) from 28 months (the total study period). Incidence rates were presented as the number of cases per 1,000 individuals per month and calculated for both the highand low-transmission seasons. Statistical significance was determined using Poisson regression. All statistical analyses were performed in Stata (version 12.1; StataCorp LP 2011, College Station, TX).
The timing and demographics of jhum cultivation. The dates of initiation and completion of jhum cultivation in the year preceding May of 2011 were plotted as box plots to display the median date and interquartile range of jhum initiation and completion. The rainy monsoon season was overlaid to show how the timing of jhum cultivation relates to seasonal rainfall patterns. Demographic variables of interest were tabulated across jhum cultivators, jhum cohabitants, and non-jhum cultivators to compare the demographics of the groups.
The locations of jhum and non-jhum households as well as study clusters were mapped in ArcGIS (version 10.1; ESRI, Redlands, CA). Households were labeled by ethnicity, and study clusters were labeled based on the percentage of the study population that participated in jhum cultivation to show spatial variation in jhum cultivation. Jhum cultivators who were identified through the jhum cultivation-specific survey were asked about bed net use during jhum cultivation. Bed net use was divided into everyday use, use 1-6 days a week, and non-use, and it was tabulated across jhum cultivators.
Malaria risk among jhum cultivators. The relationship between jhum cultivation and malaria infection was assessed by comparing the incidence of symptomatic P. falciparum infection among jhum cultivators, jhum cohabitants, and nonjhum cultivators. To compare the risk factors for symptomatic P. falciparum infection in jhum cultivators and non-jhum cultivators 15 years old, incidence rates were calculated for both groups across all sociodemographic categories investigated. Finally, the overall incidence of symptomatic P. falciparum infection for all study participants in each study cluster was plotted against the percentage of the population that participated in jhum cultivation to determine the ecological association between jhum cultivation and malaria incidence at the study cluster level.
The independent relationship between jhum cultivation and malaria infection was determined using multivariate logistic regression modeling. Odds ratios comparing the odds of malaria infection among jhum cultivators and jhum cohabitants with the odds among non-jhum cultivators were adjusted based on other demographic variables. A variable categorizing individuals as living in low, medium, and high malaria incidence areas was included in the model to control for spatial variation in malaria incidence. This variable defined each individual as living in low-incidence clusters (the eight lowest incidence clusters), medium-incidence clusters (the middle eight incidence clusters), and high-incidence clusters (the eight highest incidence clusters). Univariate associations between all covariates of interest and malaria infection were calculated, and a final multivariate logistic regression model was selected using forward and backward selections, where covariates were sequentially selected or removed based on a likelihood ratio test (P 0.1). The final model was assessed for colinearity using variance inflation factors and goodness of fit using Hosmer-Lemeshow and Pearson's χ 2 tests. Qualitative analyses. Focus group discussions collected information about the community beliefs, attitudes, and experiences of jhum cultivators as well as their perceptions of health-seeking behavior, malaria infection, and bed net use during jhum cultivation. All focus group discussions occurred at the village level in the local language (Marma). A total of 58 jhum cultivators participated in focus groups discussions. Focus group discussions lasted 45-75 minutes and ranged across many topics, including general information about jhum cultivation, sleeping habits and bed net use during jhum cultivation, perceptions of malaria risk while conducting jhum, and health-seeking behavior when individuals become sick during jhum.
Key informant interviews gathered basic information about the practice of jhum cultivation, including the timing of the practice, the different phases of jhum cultivation, the demographics of jhum cultivators, and where jhum cultivation occurs. Of eight key informant interviews, six interviews were taken from local surveillance workers (three interviews in Marma and three interviews in Bengali), one interview was taken from the medical officer in English, and one interview was taken from the field research manager in English. Interviewees were not reimbursed for their time, and interviews lasted 30-40 minutes. It should be noted that two of the key informants (the medical officer and field research manager) were involved the design of the study, and one informant conducted interviews (three key informant interviews and all focus group discussions); however, these interviews were conducted before any other interviews had occurred to avoid biasing their responses.
All qualitative interviews were recorded using an Olympus Linear PCM Recorder (product LS-7; Olympus America Inc., Center Valley, PA) and subsequently translated into English. Translations were transcribed using Inqscribe (version 2.1; Inquirium LLC 2012, Chicago, IL) and analyzed in NVivo (version 10.0; QSR International Ply. Ltd. 2012, Victoria, Australia) using a codebook to identify specific themes that occurred during the focus groups and interviews.
Ethical considerations. This study and all study documents were approved by both the Johns Hopkins Bloomberg School of Public Health Institutional Review Board (00004557) and the icddr,b Ethical Review Committee (09021). At the creation of the surveillance system, the icddr,b field research team worked with local administration and leaders to gather permission to work in the study area. The team visited each household and took consent from the head of each household to collect personal information and include the household in malaria surveillance. A copy of the consent form and a completed Family Visit Register was given to each household.
Written or oral consent was taken from key informants and participants in focus groups discussions at the time of the interview. On the day of the interview, the consent form was explained to participants, and consent was taken in the form of a signature or a fingerprint if the participant could not write his or her name. If oral consent was given, a local village leader provided consent to ensure informed consent was properly taken from the participant.
RESULTS
The process of jhum cultivation. The process of jhum cultivation was investigated through key informant interviews with local surveillance workers and focus group discussions with jhum cultivators. One surveillance worker described jhum cultivation as ". . .a process of cultivation where a family or group of families go to a significant hilly place and plant varieties of seeds in order to get their crops for livelihoods." Both jhum cultivators and surveillance workers reported that jhum cultivation occurs strictly on hillsides in the remote areas of the Chittagong Hill Districts. Respondents reported that cultivation is initiated with the clearing and burning of plots from January to March followed by the planting of various types of seeds, including sticky rice, in May or June after the monsoon rains have started (Figure 1 ). Jhum cultivators reported that they often stay at jhum sites in small houses made of bamboo during the summer months to protect the crops, remove weeds, and collect early crops. The final step is the harvest of the sticky rice and other crops in September or October. Respondents were asked about the process and timing of jhum cultivation in focus groups discussions with jhum cultivators (N = 58) and key informant interviews with icddr,b staff (N = 8). These results are based on the most common themes provided by respondents. Other than the process of jhum cultivation, respondents also reported that cultivators lived at the jhum cultivation site from July to October.
A Indicates maize, cucumbers, chili peppers, bamboo shoots, sour leaf, coriander, cilantro, and turmeric flower.
B Indicates turmeric, ginger, til seeds, pumpkin, white pumpkin, chili peppers, coos coos, and cotton.
The quantitative research findings about the timing of jhum cultivation show that, contrary to focus group discussions, where cultivators reported initiating jhum cultivation in January, the middle 50% (interquartile range) of the initiation dates from the jhum-specific survey were between February 11 and April 12, and the median date was April 10 ( Figure 2) . However, the majority of survey respondents reported completing jhum during November, with a median date of completion of November 17.
Demographics. Sociodemographic information was tabulated across jhum cultivators, jhum cohabitants, and non-jhum cultivators to identify sociodemographic differences between the groups (Table 1) Compared with non-jhum cultivators, these individuals were older (95.9% 15 years old compared with 61.1%), more likely to be of tribal ethnicity (99.9% compared with 74.5%), less likely to use bed nets (86.7% compared with 90.4%), and more likely to be male (50.8% compared with 48.8%). Jhum cultivators also showed different patterns of education and occupation compared with non-jhum cultivators. Jhum cohabitants were the youngest of the three groups, with 68.0% of jhum cohabitants being younger than 15 years compared with 29.8% for non-jhum cultivators and just 4.1% for jhum cultivators.
The locations of jhum households, defined as any household containing at least one jhum cultivator, are shown in Figure 3 . The map displays the location and ethnicity of each jhum household as well as the percentage of the total population for all study clusters that participated in jhum cultivation during the study period. Among 24 study clusters, 5% of the population participated in jhum cultivation in 11 clusters, and 15% of the population conducted jhum in 8 clusters. One cluster in Rajbila union had the highest percentage of the population practicing jhum cultivation at 41.2%. In four clusters, 0% of the population reported conducting jhum cultivation. All but 2 of 1,048 households identified as jhum cultivation households were of tribal ethnicity.
Malaria infection. Passive malaria surveillance was conducted from May of 2010 to August of 2012 to detect symptomatic malaria infections. Only P. falciparum malaria cases were considered in this analysis. Jhum cultivators displayed the same temporal pattern of infections as non-jhum cultivators, with the majority of cases occurring in the high-transmission season from May to October, which coincides with the annual monsoon season when rainfall levels are highest. There was no significant difference in the percentage of cases that occurred in the high-transmission season between jhum cultivators (83 of 89 cases [93.3%]; 95% confidence interval = 85.9-97.5%) and non-jhum cultivators (170 of 194 cases [87.6%]; 95% confidence interval = 82.2-91.9%; χ 2 test; P = 0.152).
The absolute numbers and incidence rates (per 1,000 per month) of symptomatic P. falciparum infections in the highand low-transmission seasons for jhum cultivators, jhum cohabitants, and non-jhum cultivators are presented in Table 2 . There was a statistically significant difference between the incidence rates of the three groups in both transmission seasons, with the highest rates in jhum cohabitants during both transmission seasons (P 0.001). Jhum cultivators had an incidence rate of 2.22 infections per month per 1,000 people compared with 0.95 in non-jhum cultivators during the hightransmission season. However, in the low-transmission season, the incidence rates were nearly identical, with 0.19 and 0.17 infections per month per 1,000 people in jhum cultivators and non-jhum cultivators, respectively. Symptomatic P. falciparum incidence rates were also calculated across different sociodemographic characteristics for both adult jhum cultivators and non-jhum cultivators 15 years old (Table 3 ). Adult jhum cultivators had a monthly incidence rate of 1.27 infections per 1,000 individuals compared with 0.55 per 1,000 individuals in non-jhum cultivators. Males had statistically greater rates of infection than females for both jhum cultivators (P = 0.011) and non-jhum Figure 3 . Locations of jhum households by ethnicity and study clusters labeled by the proportion of inhabitants who participated in jhum cultivation. Surveillance staff collected GPS locations for each household in the study area. Household locations were mapped in ArcGIS and labeled by ethnicity. Programmatic study clusters were also mapped and labeled by the percent of the total population that participated in jhum cultivation. †Could not be modeled because of the lack of variation in the outcome (no positives cases in this group).
cultivators (P 0.001). For jhum cultivators, there were significantly greater incidence rates in individuals living in Rajbila compared with individuals living in Kuhalong, with monthly incidence rates of 1.88 and 0.75 infections per 1,000 individuals (P 0.001), respectively. Furthermore, jhum cultivators who reported using a bed net the previous night before the survey had almost one-half of the incidence rate as those jhum cultivators who did not (1.15 versus 2.24 infections per 1,000 individuals per month; P = 0.009). In adult non-jhum cultivators, however, there was no significant difference in the incidence rates observed in the two unions (P = 0.605) and between those individuals using and not using bed nets (P = 0.381).
From an ecological perspective, there was an association between the level of jhum cultivation and the overall malaria incidence rate of a cluster ( Figure 4) . As the proportion of the population within a study cluster that participates in jhum cultivation increases, the incidence rate of symptomatic P. falciparum infection of that cluster increases (coefficient of determination [R 2 ] = 0.417). However, with an R 2 of 0.417, not all of the variation in malaria incidence is explained by the proportion of the population conducting jhum cultivation, and therefore, there are other factors that are responsible for spatial variation in malaria incidence. The odds of malaria infection among jhum cultivators and jhum cohabitants compared with non-jhum cultivators when controlling for other demographic factors were determined using multivariate logistic regression modeling. After selecting a final multivariate model using forward and backward selections, both jhum cultivators (P = 0.001) and jhum cohabitants (P 0.001) had 1.6-fold higher odds of malaria infection than non-jhum cohabitants after adjusting for age, sex, and the malaria incidence of the geographic area in which they live. Other predictors of malaria infection selected for the final model after controlling for spatial variation in malaria incidence were age, because children 5-14 years old had significantly higher odds of infection than individuals 15 years old (odds ratio = 1.8; P 0.001), and sex, because men had marginally higher odds of infection than women (odds ratio = 1.2; P = 0.095).
The qualitative results addressing possible mechanisms of malaria infection during jhum cultivation are summarized in Table 5 . In focus group discussions, jhum cultivators consistently reported that fever was common among jhum cultivators or during jhum, although it should be noted that participants often did not always differentiate between fever and malaria. Fever or malaria was listed as one of the major ailments during jhum in all five focus groups. Key informants, however, were much more mixed in their views of malaria infection during jhum cultivation. Of eight key informants interviewed, four informants specifically listed malaria as being more common during jhum cultivation, and three informants did not think that there was any connection.
Common perceptions expressed by cultivators during discussions about the possible mechanism of jhum cultivation and malaria infection include exposure to mosquitoes while working jhum and walking to and from the jhum site, clustering of jhum cultivators, and a combination of the two factors. Both jhum cultivators and key informants reported that jhum cultivators live at the jhum site during much of jhum cultivation, Figure 4 . Ecological association between jhum cultivation and malaria incidence at the study cluster level. The percent of individuals participating in jhum cultivation and monthly symptomatic P. falciparum incidence were calculated for each study cluster and compared using linear regression analysis from May of 2010 to August of 2012. The percent of the population practicing jhum cultivation and symptomatic P. falciparum incidence were statistically associated (R 2 = 0.417; P 0.001) at the study cluster level. (1) Lack of bed net use during jhum cultivation Jhum cultivators consistently reported bringing and using bed nets while living at jhum sites in both focus groups and the jhum-specific survey Jhum cultivators reported that bed nets were important to protect from the bite of mosquitoes and other insects Key informants were doubtful that jhum cultivators used bed nets during cultivation (2) Increased exposure to mosquito vectors and malaria parasites during jhum cultivation Both key informants and cultivators reported that mosquitoes are not only abundant but also, that they bite during the day at jhum sites Jhum cultivation occurs during the rainy season, when mosquitoes are common and malaria infections are most prevalent Jhum cultivators tend to cluster at jhum sites, because cultivators take turns assisting one another with different phases of cultivation (3) Lack of access to malaria treatment services Both key informants and cultivators reported that jhum cultivators often do not initially seek care when they become sick Jhum cultivators reported seeking care; however, they often used other local treatments (such as hot chilies or drinking tea) so that they can stay at jhum sites and work (4) Malaria infection is associated with some other factor that is also associated with jhum cultivation
Although jhum cultivators reported that they believed that jhum cultivators have higher rates of malaria infection, key informants were mixed in their views of the relationship between jhum cultivation and malaria infection which occurs during the rainy season, when cultivators have to be present to plant the seeds, remove weeds, harvest the crops, and protect the ripening crops from animals. Jhum cultivators noted that they often gather to help one another with different phases of jhum cultivation, leading to clustering of cultivators at jhum sites for days or weeks. Furthermore, both key informants and cultivators in focus group discussions reported that mosquitoes were more common at jhum sites. Mosquitoes were specifically mentioned as "common" and a "great problem," and two key informants reported that, at jhum sites, mosquitoes are biting even during the daytime. Jhum cultivators surveyed in the jhum-specific survey overwhelming reported high bed net use, with 94.9% of those individuals surveyed reporting using bed nets every night during jhum and 99.7% of respondents reporting using bed nets at least one time per week during jhum. These results are consistent with qualitative results about bed net use during jhum cultivation. Respondents in all focus groups reported owning and using bed nets during jhum. When asked about bed net use during jhum, one respondent replied: "Yes, we take the mosquito nets when we go to jhum and the mosquito nets are helpful to protect against . . . the bite of insects and mosquitoes." Respondents in all five focus groups specifically listed mosquitoes as a reason to use bed nets. Among key informants, however, there was some disagreement as to whether jhum cultivators used bed nets. When asked if jhum cultivators used a bed net during jhum, four of eight key informants (50%) expressed some doubt.
Finally, both jhum cultivators and key informants reported that jhum cultivators did not have the same access to malaria services as other groups. Because jhum cultivation occurs in remote areas and cultivators often have to stay at sites to protect ripening crops from wild animals, jhum cultivators who have a fever often stay at sites until the illness becomes serious. Although many cultivators reported that, after someone becomes seriously sick, he or she returns to villages for treatment, others reported that some individuals use local remedies, such as hot chilies or teas, to treat fever.
DISCUSSION
This study described the practice of jhum cultivation and confirmed that it is an independent risk factor for P. falciparum infection in the Chittagong Hill Districts of Bangladesh. Jhum cultivators had higher incidence rates of P. falciparum infection compared with non-jhum cultivators over 28 months of prospective malaria surveillance. Furthermore, this relationship was only statistically significant during the high-transmission season when jhum cultivation occurs, providing additional evidence that jhum cultivation is causally related to malaria infection. Finally, jhum cultivators had significantly greater odds of infection than non-cultivators after controlling for other predictors of infection in a multivariate logistic regression model. These results were consistent with qualitative interviews. Jhum cultivators in all five focus group discussions and four of seven key informants reported that malaria is more common during jhum cultivation, and both jhum cultivators and key informants reported that mosquitoes were more common at jhum sites and that jhum cultivators often do not immediately seek care when they become sick.
This study also suggests that jhum cultivation may facilitate malaria transmission to other individuals not involved with the practice. Jhum cohabitants or those individuals living with jhum cultivators but not participating in cultivation had the highest incidence rates of P. falciparum infection during both the high-and low-transmission seasons. Furthermore, multivariate logistic regression revealed that both jhum cultivators as well as jhum cohabitants had a 1.6-fold higher odds of infection compared non-jhum cultivators, controlling for age, sex, and spatial variation in malaria incidence. These results indicate that jhum cultivation not only affects individual risk to malaria infection but may also play a role in community transmission.
These results are in agreement with previous studies that show that agricultural practices may affect an individual's risk of malaria infection. Agricultural practices have been previously implicated as an occupational risk factor for malaria infection in other settings, including palm oil plantations in Papua New Guinea, irrigated rice paddies in Ethiopia and Cote d'Ivoire, and forest settings in Vietnam. [14] [15] [16] [17] In one study, agricultural irrigation was associated with greater abundance of anopheline vectors in rural Tanzania. 18 In contrast, one study in Peru found that agricultural practices were statistically associated with lower malaria incidence rates. 19 These studies show that a specific agricultural practice may impact malaria transmission, depending on the ecology of local anopheline vectors and the nature of the agricultural practice.
We hypothesized several mechanisms to explain this observed association between jhum cultivation and malaria incidence. Jhum cultivation may increase the time of exposure to mosquitoes because of the abundance of mosquitoes in remote areas where jhum cultivation occurs, lack of bed net use at jhum sites during the high-transmission season when many jhum cultivators live at jhum sites, lack of access to treatment when jhum cultivators are conducting jhum cultivation, or some unknown risk factor that is related to the practice.
Qualitative research results were consistent with the hypothesized mechanism that the abundance of mosquitoes at jhum sites leads to higher rates of infection in jhum cultivators. Both jhum cultivators and surveillance workers reported that mosquitoes are very common at jhum sites. This finding is consistent with entomology studies that have been conducted in the region, 20, 21 which show that two species of forest mosquitoes, Anopheles baimaii (An. dirus D) and An. minimus, are found in this region. Although both studies found that these mosquitoes are relatively uncommon compared with other species, mosquitoes were captured in the village setting and may not be representative of more remote regions where jhum cultivation takes place. Furthermore, several studies in Asia have observed increases in malaria vectors after deforestation, conceivably because it allows surface water accumulation at cleared sites. 22 Although these studies looked at large-scale general deforestation, the same mechanism may apply at jhum sites after the removal of the jungle.
The results of this study do not support that lack of bed net use at jhum sites contributed to malaria incidence in jhum cultivators. Quantitative surveys revealed that 99.7% of jhum cultivators reported using a bed net (94.9% every night) during jhum. These results were confirmed by focus groups with jhum cultivators, who reported using bed nets during jhum and identified the need to protect against mosquitoes and malaria using bed nets. These results are also consistent with other reports on bed net use in the Chittagong Hill Districts, which have reported high-bed net use in the area. 23, 24 Another possible mechanism that was consistent with the results of this study is that lack of access to care may contribute to higher infection rates in jhum cultivators. Qualitative results found that jhum cultivators delayed treatment until the symptoms became severe because of the distance of jhum sites to the village and perceived need to stay at jhum sites and continue cultivation. Many cultivators also reported using herbal treatments, such as tea or chili peppers, instead of seeking medical treatment. These results are consistent with others studies of treatment-seeking behavior conducted in southeast Asia. Ahmed and others 24 found that allopathic treatment is the most common form ( 90%) of malaria treatment in Bangladesh. Furthermore, studies in Myanmar and on the Thai-Cambodian border found that malaria treatment was often delayed in remote areas. 25, 26 Because jhum cultivators often work in large groups at various phases of cultivation, lack of prompt malaria treatment may facilitate local malaria outbreaks that can later be spread when jhum cultivators return to their villages.
There are a number of limitations of this study. Because of the nature of the demographic surveys in this study, jhum cultivators and non-jhum cultivators may have been misclassified. Jhum cultivators were identified during either the initial demographic survey or the jhum-specific survey in May of 2011. Therefore, only at two specific moments could individuals report conducting jhum, which may oversimplify the dynamics of occupations in this area. However, qualitative results revealed that most jhum cultivators conduct jhum cultivation every year; therefore, we do not believe that a meaningful percentage of respondents was misclassified.
Based on the qualitative research results that jhum cultivators only seek treatment when the illness becomes severe, one limitation of this study is that it may underestimate the incidence of malaria in jhum cultivators. If jhum cultivators do not seek treatment when they have a mild case of malaria, that case will not be captured by the surveillance system and counted in the study. Therefore, this study may have, in fact, underestimated the strength of the association between jhum cultivation and malaria infection.
Finally, this study could not assess the overall burden of malaria infection in the population, because it did not account for asymptomatic infections, which are believed to make up the burden of malaria infections in this region. Additional work is needed to assess the effect of jhum cultivation on asymptomatic infection.
Previous work in this area identified demographic, temporal, and spatial clusters of P. falciparum infection in this region. 7 This study confirms that jhum cultivation is an independent risk factor for malaria infection in this region and may also play a role in community transmission by increasing the risk to those individuals living with jhum cultivators. The National Malaria Control Program in Bangladesh has been successful in reducing malaria incidence in the Chittagong Hill Districts by distributing insecticide-treated bed nets and conducting testing and treatment, but this study shows that there may be other populations that require more targeted approaches to further reduce infections. Expanding services to remote areas where cultivators work will be essential to decrease infection rates in these clusters and may be important to prevent transmission to high-risk groups, such as children living with jhum cultivators.
